ABSTRACT: This present work describe the peripheral blood cell morphology from Chelonoids carbonaria. To do this were used ten animal specimens clinically healthy, six female and four male, submitted to peripheral blood collect by jugular vein. Blood was collected to prepare blood smears, without the use of anticoagulants. The slides were stained and analyzed microscopically to describe the cell morphology. The mature erythrocytes had an ellipsoid shape and a grain-free nucleus; immature ones were circular. The leukocytes, granulocytes and agranulocytes were also circular. The heterophils had cytoplasmic granules with various elongated shapes, and the eosinophils had a uniform round shape. The basophils had highly dense basophilic granules, stained in blue; the granules were irregularly arranged and also inside the nucleus. The lymphocytes were circular with a large circular nucleus. The thrombocytes were small, with basophilic staining and a small cytoplasm (the nucleus occupied almost the entire cell). The morphological results found in this study are consistent with cell types of other chelonians.
INTRODUCTION
Studies on the general biology of reptiles have been encouraged because of conservation issues, their use as pets and their economic potential (GIBBONS et al., 2000) . The Chelonoidis carbonaria, or red-footed tortoise, is a reptile found in dry and warm regions by tropical zones of South America. In Brazil, they are common in the north, northeast and central-west regions (SILVA et al., 2008) . Despite the laws to protect native wildlife, many specimens are illegally kept in captivity throughout the country (RIBEIRO et al., 2009) .
Studies show that young chelonians and those in captivity are more susceptible to diseases and have a higher mortality rate, depending on environmental and hygiene conditions (SILVA et al., 2008; PEREIRA, 2011) . Thus, the morphological description of the blood cells of this species is an important tool for the diagnosis and treatment of their health conditions, in both, their natural environment and in captivity (SAGGESE, 2009) .
The hematological profile of reptiles can vary greatly due to environmental and physiological factors, or due to the stress caused during contention and blood collecting procedures (FALCE, 2009 ).
Thus, it is important to study and understand their particularities, in order to eliminate as much as possible these oscillations.
Reptiles are a heterogeneous group of vertebrates in terms of blood cell morphology. Unlike mammals, all reptiles possess erythrocytes, leukocytes and nucleated thrombocytes (GARCIA-NAVARRO et al., 1994) . Generally, the blood of reptiles contains the following cells: erythrocytes, leukocytes (granulocytes: eosinophil, basophil and heterophil; agranulocytes: lymphocytes and monocytes) and thrombocytes (WORK et al., 1998) . However, some authors believe there is a fourth type of granulocytic leukocyte: neutrophils (GARCIA-NAVARRO et al., 1994; GIRONS, 1970) .
The main objective of this work was to analyze the morphology of peripheral blood cell from Chelonoidis carbonaria.
MATERIAL AND METHODS
Ten tortoises (Chelonoidis carbonaria) were used, six females and four males, from the Botanical Zoo, Teresina, Piauí, Brazil. The animals were previously identified, weighed, underwent clinic exam, blood profile and physical assessment. The animals were physically restrained and properly anesthetized using a combination of ketamine 3.16 mg/kg, (Vetnil, Louveira, Góias, Brazil) and xylazine 0.13 mg/kg (Virbaxyl 2%, Virbac, São Paulo, Brazil), with a total dose of 3.29 mg/kg. The anesthetics were intramuscularly administered into the right forelimb of animals as is usual for chelonians. After about 15 minutes, long enough for sedation, one (1) mL of blood was collected from the jugular vein of each animal after proper disinfection of the puncture site,using sterile and disposable 3 mL syringes, Descarpack, Medneedle, Itajaí, Santa Catarina, Brazil and 25x7 disposable needles, Méd Goldman , Manaus, Amazonas, Brazil, sterilized with ethylene oxide). For each animal, the blood was used to prepare 50 blood smears on slides previously cleaned with ethanolether solution (L.C. Comercial LTDA., CataguasesMinas Gerais, Brazil). There were 500 slides in total. The extensions were prepared immediately after collection, without the use of anticoagulants.
Blood extensions were analyzed morphologically by Leishman, MayGrunwald/Giemsa e Leishman/Giemsa methods (Doles Reagentes, Chácara Retiro, Grande Goiânia, Brazil), stained from 6 to 10 minutes and analyzed using light microscopy (Olympus, CX 41, Olympus Corporation, Tokyo, Japan), at a 1000x magnification.
After the preparation of histological slides, a detailed morphological description of each cell type found was carried out. Photographic documentation was carried out using an image analyzer with a photomicrography system (VGA format, 1200 pixels) and digital camera (Sony W 200 Sony Electronics, Inc., San Diego , CA , United States) coupled to a light microscope (Nikon Eclipse E 200, Nikon Corporation, Tokyo, Japan).
This study was approved by the Ethics in Animal Experimentation Committee (CEEA) of the Federal University of Piauí (UFPI) under protocol No. 051/2010, in accordance with the norms of the Brazilian College for Animal Experimentation (COBEA).
RESULTS
Microscopic analysis of the extensions of stained peripheral blood showed the following cells: erythrocytes, thrombocytes, granulocytic leukocytes (heterophils, eosinophils and basophils), and agranulocytes (lymphocytes and monocytes) ( Figure  1 ). Morphologically, the blood cells did not differ according to gender. Thus, the same cell types observed in females were seen in males.
The erythrocytes ( Figure 1A ) showed ellipsoid cell morphology with an abundant cytoplasm, that was lightly acidophilic, homogeneous, and without granules. Its oval nucleus was located in the center of the cell and had strong basophilic staining, and a very condensed chromatin, which indicates low intracellular metabolic activity. There were also young erythroyctes, which had spherical aspect, with a nucleus that mirrored the cell's shape and with a less condensed chromatin ( Figure 1B) .
The thrombocytes ( Figure 1C ) were small cells, with predominantly elliptical shape, although sometimes they had a less elongated shape. They presented basophilic staining and a cytoplasm that varied in volume, which was usually larger at the poles, thus compressing the nucleus; in some cases, however, there was a small cytoplasm. The elliptical nucleus and basophilic staining occupied almost the entire cell, and there was a relatively condensed chromatin. Agglutinates were observed from two to three cells, or clusters of dozens of cells.
The observed granulocytic leukocytes included large quantities of heterophils ( Figure 1D) , with several formats. They were easily identified because their large size. They had a dark pink/salmon color and dense cytoplasmatic granules, in circular, elongated or fusiform shapes. The nucleus was usually found in eccentric or peripheral position, with basophilic staining.
The eosinophils ( Figure 1E ) were large and spherical, similar to heterophils. However, their nucleus could be seen more easily, since it was peripheral and had basophilic staining without lobulations and condensed chromatin. The cytoplasm had spherical eosinophilic granules, which were uniformly distributed, with a clear pinkcolored tone due to the acidophilic character of their granules.
The basophils ( Figure 1F ) were spherical and usually found in smaller quantities (compared with the other granulocytic leukocytes) with areas of condensed chromatin. These were arranged irregularly inside the nucleus. When visible, the nucleus was slightly eccentric, and not lobulated. The cytoplasm was highly dense with basophilic granules, stained in blue. On the other hand, some of them had purple color.
The agranulocytic leukocytes, which were devoid of granules, included lymphocytes ( Figure  1G ) in various sizes, which had a rounded shape and a regular contour, with a large spherical nucleus, condensed chromatin and dark-purple coloration. The cytoplasm ranged from small to medium, and was basophilic, with no granulations. Monocytic lineage ( Figure 1H ) had spherical and bulky shape. Sometimes they had an irregular contour. The shape of the cell nucleus ranged from kidney-shaped to elliptical, and was located in the center or the periphery, with a loose chromatin and dark-purple staining. The cytoplasm was usually small and had an intense degree of basophilia.
DISCUSSION
The cell types found in blood smears of Chelonoidis carbonaria have also been observed in other chelonians, such as the green sea turtle (Chelonia mydas) (WORK et al., 1998; SANTOS et al., 2009) , and the red-headed river turtle (Podocnemis erytrocephala) .
In the results obtained by Carvalho et al. (2006) in Squamata (Tupinambis merianae), there were no differences in the morphology of blood cells between genders, de igual modo, não foram verificadas diferenças nos tipos celulares de. Likewise, were not verified differences between blood cell constituents from gender of Chelonoides carbonaria.
According to Work et al. (1998) for turtles and for chelids, the most abundant cell types were erythrocytes, which had morphological features similar to the ones described in this study.
In their study of the Russian tortoise (Testudo horsfieldii), Shadkhast et al. (2010) observed that the thrombocytes had an elliptical shape with small cytoplasm and an elliptical nucleus. Studies of eosinophils have shown extensive morphological variation of these cells in different species, so it is difficult to characterize them based solely on morphology. However, it was possible to compare them with reports of other authors who also described them as large, spherical cells similar to heterophils, with a basophilic-stained peripheral nucleus, and cytoplasm with spherical and acidophilic cytoplasmic granules, (GIRONS, 1970; MOURA et al., 2005) . These morphologic character were similar those observed in this study.
In their studies with Squamata (Tupinambis merianae), Carvalho et al. (2006) identified heterophils with acidophilic and basophilic granules, two basic shapes (cylindrical and spherical) and different sizes. In addition to these types, our study observed rod-shaped and fusiform granules.
The morphological features of Chelonoides carbonaria basophils resembled those described by Work et al. (1998) in their study on the green sea turtle (Chelonia mydas). They reported a dense, blue nucleus and a well-defined cytoplasm with numerous small basophilic granules that obscured the nucleus, as was found in this study.
Sachi et al. (2011) published an article on the morphology of leukocytes in 12 European lizards (Podarcis sicula, P. tiliguerta, P. melisellensis, P. bocagei, P. muralis, Algyroides nigropunctatus, Lacerta viridis, L. bilineata, L. trilineata, L. oxycephala, Timon lepidus and Zootoca vivipara). Similar to our study, they reported that the lymphocytes of European lizards, as in all other vertebrates, are mononuclear with a small azurophilic cytoplasm covering a narrow area around the nucleus. Monocytes were described as round cells that were larger than the erythrocytes. They presented moderate granular cytoplasmatic staining and were light pink. The nucleus may appear in the form of a "C", centrally positioned, and with violet pigmentation.
Studies by on the morphology of the blood cells of the red-headed river turtle (Podocnemis erytrocephala), and by Moura et al. (2005) on crocodilians (Caiman crocodilus yacare), identified erythrocytes with a typically oval format and elongated nucleus. Ugurtas et al. (2003) also reported this fact in some turtles in Turkey (Emys orbicularis Hellenica, Mauremys rivulata, Testudo hermanni hermanni and T. graeca ibera). The erythrocyte's nucleus had a dense chromatin with blue to dark purple staining. Shadkhast et al. (2010) in the Russian tortoise (Testudo horsfieldii). The authors also reported the existence of thrombocytes of various shapes, ranging from ellipsoid to circular. The cytoplasm was scarce and the nucleus was oval or circular with dense chromatin, varying in color from pale blue to purple. Lymphocytes were circular, with a small and basophilic cytoplasm, surrounding a large, centrally positioned nucleus. The heterophils were described as having a predominantly circular shape with cytoplasm that was filled with pink-colored fusiform granules, and a spherical pale blue nucleus in a peripheral position. Moura et al. (2005) studied blood smears of the Caiman crocodilus yacare and observed eosinophils with specific cytoplasmic granules, which were round and uniformly distributed, and a small, condensed, peripheral nucleus. The basophils were round with intensely basophilic specific cytoplasmic granules and the nucleus was condensed, in a central position, occupying almost the entire cell. Work et al. (1998) published an article about their observations on the morphology of green sea turtle (Chelonia mydas) cells. They found an oval shaped monocyte cell lineage with a purpleblue, circular and eccentric nucleus. The cytoplasm was slightly basophilic with irregular edges and had intracytoplasmic vacuoles of various sizes.
CONCLUSIONS
All blood cells of Chelonoidis carbonaria possess a cell nucleus. The most abundant elements of the blood are the erythrocytes, followed by heterophils, lymphocytes, monocytes, basophils and eosinophils. Furthermore, immature cells are observed in the circulating blood.
RESUMO: O presente estudo descreve a morfologia dos constituintes celulares do sangue periférico de
Chelonoides carbonaria. Para tanto, 10 espécimes adultos, sendo seis fêmeas e quatro machos, clinicamente saudáveis foram submetidos à coleta de sangue periférico através da veia jugular. O sangue foi recolhido para preparar esfregaços sanguíneos, sem a utilização de anticoagulantes. As lâminas foram coradas e analisadas microscopicamente para descrever a morfologia da célula. Os eritrócitos maduros têm a forma elipsóide e apresentam núcleo central sem granulações; nas fases imaturas mostram-se arredondados. Os leucócitos, granulócitos e agranulócitos, também são circulares. Os heterófilos possuem grânulos citoplasmáticos com várias formas alongadas e nos eosinófilos são uniformes e arredondados. Os basófilos possuem grânulos altamente densos e basofílicos, corados em azul; os grânulos são dispostos de forma irregular e também no interior do núcleo. Os linfócitos são circulares com um grande núcleo circular. Os trombócitos são pequenos, com coloração basofílica e citoplasma escasso (o núcleo ocupa quase toda a célula). Os resultados encontrados nesta pesquisa são compatíveis com a morfologia encontrada nesses tipos celulares em outros quelônios.
PALAVRAS-CHAVE:
Sangue. Morfologia celular. Jabuti. Quelônio. Réptil.
